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SCIENCE 


AND 


PROGRESS 


I. SCIENCE CHANGES THE WORLD. 

W HEN a Spitfire flashes across the sky nowadays, 

what do we think about ? Its speed perhaps, 
whether the shape of its wings is the best possible 
or could be improved, whether it is faster and more 
manoeuvrable than the German planes it will have to 
tackle. But we take it for granted that there are machines 
which fly. We've got so used to the idea that it's difficult 
to realise what a sensation the sight of an aeroplane caused 
only thirty years ago. The very first man-carrying aero¬ 
plane flight was made only forty years back in 1903. 
The first non-stop flight across the English Channel and 
back was made in 1910. Think of the number of planes 
that carry bomb-loads to Germany every month now ! 
That is just one of the ways in which the scientist and 
inventor has changed the world. 

Most of us take a good deal of trouble nowadays to 
make sure that the food we cat contains enough vitamins. 
Some of us even have a rough idea what vitamins are : 
certain substances which must be present in our food in 
tiny quantities if we are to be healthy. We know that 
if we are even a little short of vitamin C we shall catch 
infectious diseases more easily and our health will he 
below' par in a whole lot of ways. So we shred oui greens 
just before cooking, cook them quickly in very little water 
and use the vegetable winter in soups ; for b> that means 
we make the best use of the vitamin C in the greens. If 
we are short of the B vitamins we suffer from indigestion, 
bad temper, lack of concentration and don t work so well. 
Accordingly w'e eat wheatmeal bread which contains quite 
a lot of them instead of white bread which doesn’t. 
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In fact, knowing about vitamins makes a big difference 
to the war effort. Without that knowledge, now that our 
normal food supply is upset, we should always run the 
risk of being short of one of them and so having our 
health affected and our efficiency as war workers very 
much reduced. As it is, our knowledge of vitamins allows 
us to plan very carefully just what sort and what amounts 
of food we must import to keep ourselves healthy. Plan¬ 
ning our diets in this way we can reduce imports of food 
to the very minimum and leave the maximum shipping 
ready for importing war materials and for supplying our 
armies in Europe. 

Yet vitamins were only discovered in 1912. Fifty years 
ago it was thought that only a few types of food were 
necessary for a healthy body : proteins, the materials 
from which most of the body is built and which are most 
easily got from things like meat, milk, butter and cheese ; 
fats and sugars which are burnt (quite literally) in the 
body and provide the energy we use to move and work, 
just as the burning of coal gives the energy on which the 
steam-engine works ; small quantities of certain salts 
like our common table salt ; and water. Around the end 
of the last century men investigating some diseases began 
to suspect that they were caused by something missing in 
the diet. Those suspicions were confirmed by many years 
of hard work. And eventually in 1912 Gowland Hopkins 
proved that besides the things mentioned above, the body 
also needed very tiny quantities of certain substances— 
the vitamins. Even then he had not found the vitamins ; 
he had just shown that they must be somewhere in the 
food. And it took many more years of work to track 
these vitamins down and discover just what they were and 
how we could make sure of eating enough of them. Where 
should we have been in the days of the U-boat campaign, 
it we knew only what was known in 1912 ? 
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Science has made a big difference to our lives in a lot 
of ways that are not obvious at first sight. Thirty or 
forty years ago the average house was filled with red plush 
furniture and red curtains. You may have wondered 
how on earth our grandparents endured all this dark, dull 
red and why they didn't try some nice bright blues and 
greens for a change. Well they had no choice. It's no 
good having a bright coloured chair cover if the colour is 
not going to stay. And blue and green dyes that won't 
fade are very difficult things to make. Around 1900 red 
was about the only easily made fadeless dye. But since 
then our chemists have produced many other dyes that 
will last for years without fading. And the colours that 
surround us in everyday life have changed accordingly. 
As late as 1920 a wonderful green dye was discovered 
which is more permanent than any other known dye— 
and that is why green is so popular a colour to-day. 
Strange how much scientific discovery affects everything 
in our lives ! 


If you had lived in 1900 you might have seen a motor-car, 
but probably not, for the motor-car industry was just 
beginning. Telephones were new and rare, the movies 
were in their early stages, radio telegraphy (morse code) 
was a thrilling new invention and the mere idea of broad¬ 
casting voices or orchestras was almost unimaginable, 
X-rays were four years old and radium was just being 
discovered. 

It was a very different world from the one we live in 
to-day, and the difference is largely the result of science. 
But the changes are not all for the good. In 1900 you 
would have had no blitz to fear, for the aeroplane was yet 
to come ; mechanisation of industry had not got so far 
as to throw millions out of work. These things have 
happened in the meantime. Is science to blame ? Or 
does the blame lie with us for not using science properly ? 
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If we are to make sure that in future science is used to 
help us and make us happy, not to kill or maim us, we must 
try to understand where science comes from, where it’s 
going and why it sometimes goes wrong. That is what 
we are going to try to do in this book. 


II. CRAFTSMEN—INVENTORS. 

The scientist, as we know him, is quite a new creature. 

• Men have lived on earth for 300,000 years or so. But 
until about 400 years ago there were very, very few men 
who could be called scientists. And the few that there 
were had very little effect on the life of mankind. That 
doesn't mean that inventions were not made. They were, 
but they were made by ordinary craftsmen doing their 
day-to-day jobs and finding ways of doing them better 
than before. And these inventions had the same sort of 
effect on the lives of men as do the scientific discoveries 
of to-day. 

For instance, the inventions of working craftsmen 
played a big part in bringing capitalism into being. Up 
till three or four hundred years ago, there was little that 
resembled the industry that we know to-day. Individual 
craftsmen—smiths, harness-makers, carpenters, and so on— 
worked in their own small workshops, using their own 
tools and equipment, sometimes assisted by a few appren¬ 
tices. They used simple tools and processes and so there 
was no need for large numbers of men to work together. 

But some of these craftsmen made inventions and these 
inventions involved using machinery on a much larger 
scale than before—inventions like water wheels driving 
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machinery to pump water out of mines or to bring the ore 
to the surface, blast furnaces with the bellows driven by 
water power instead of the old tiny furnaces which one 
man could use, inventions like water-driven trip-hammers 
for pounding the red hot metal into shape or water-driven 
rolling mills for rolling it into sheets or bars. All these 
things required much more machinery than one man 
could use and so, slowly at first but ever faster and faster, 
the workshop of the independent craftsman gave way to 
the factory or foundry owned by a capitalist who employed 
workmen for wages. 


Of course, many more things besides large scale machi¬ 
nery were required to bring capitalism into being. The 
whole structure of society had to be changed and that did 
not come about without many bitter struggles. We have 
no space for these things here, but at least a fundamental 
part was played by inventions—inventions which could 
not be used by a single man alone and so required the 
capitalist type of industry, in which, although workshops 
and factories are still privately owned, many people work 
side by side in the process of production. 


K> 


III. SCIENCE UNDER EARLY CAPITALISM. 

The inventions which brought capitalism to life were 
made by working craftsmen in spare moments while they 
were carrying on with their ordinary jobs. But when 
capitalism was established, it pushed forward the growth 
of industry and trade at an enormous rate. And as 
industry grew, it kept running up against more and more 
difficult technical problems. The problems were too big 
to be tackled by ordinary workmen in the course of their 
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work. They needed more time for their solution than the 
workman, concentrating on making things, could spare. 
And to solve them it was often necessary to have a very 
wide knowledge, coming from many different sources, 
which the craftsman, busy at his own job, could never 
have time to acquire. So, if these problems were to be 
solved (and solved they must be, if capitalist industry was 
to grow), a new type of specialist was required : not a 
craftsman, specialist in the production of certain types of 
goods, but a man who specialised in solving problems of 
production and in gathering the wide knowledge necessary 
to solve them. That new specialist was the scientist. 

It would take a book to say exactly what science is, 
but at least its most important aspects are those mentioned 
in the last paragraph. Science is a method of solving the 
problems we encounter in our lives : problems of producing 
more houses or clothes or food with less labour, problems 
of preventing disease and so on. And science is also the 
search for the background of knowledge which is required 
to solve these problems. To do these things science has 
developed a whole series of special methods—experiment, 
carefully arranged to give information as exact as possible 
about what is happening and what are its causes ; theory, 
which brings together the results of many experiments in 
one comparatively simple explanation ; and the use of such 
theories to forecast what will happen under certain condi¬ 
tions in the future and so to solve the practical problems 
that lie ahead. All these things constitute science. 

Under capitalism the practical problems of production 
became for the first time so numerous and complicated as 
to require this specialist approach ; and so science as an 
independent activity of men, first became important in the 
early days of the capitalist mode of production, the sixteenth 
and seventeenth centuries. In England especially, where 
capitalism first flourished, science reached the highest 
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peaks of its early period. The “ Royal Society for the 
Improving of Natural Knowledge ” was founded and 
received the support of the State and of individual capi¬ 
talists. In it, all the best scientists of the country met to 
discuss their problems. The scientists of the Royal 
Society and others like them in other countries tackled the 
technical problems which were produced by the growth of 
capitalist industry. We shall not have time to do more 
than look at some of their work in relation to one important 
industry—mining, both for coal and for. metals. 

One of the biggest problems of mining was to pump 
away the water that gathered in the workings. Miners 
tried all sorts of pumps, including the common suction 
pump (the sort that you can see in the streets of many 
small villages), in which the pump is at the top of the pipe 
through which you are pumping. They discovered a very 
curious fact about these pumps : that, try as you would, 
you could never raise water more than about 33 feet by 
means of them. (See Fig. 1a). Now to the miner that 
was a nuisance and nothing more, but the miner's problems 
soon got passed on to scientists. And when the scientists 
got hold of this fact, things began to happen. In the early 
seventeenth century Galileo and his pupils Toricelli and 
Viviani looked into the matter and they found that the 
reason was this. The water rose up the pipe because it 
was forced up by the pressure of the atmosphere* on the 
water in the sump at the bottom. And the pressure of the 
atmosphere was just about enough to balance 33 feet of 
water. But a tube of water 33 feet high is awkward to 
work with and so they tried mercury, which is about 
13 times as dense. They filled a tube with mercury and 
turned it upside down in a basin of mercury (as in Fig. 1 b), 
and they found that the top of the mercury always fell 
till it stood about 30 inches above the mercury in the basin. 
So the atmospheric pressure was enough to balance the 

* See page 9 7 
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PRESSURE OF 
ATMOSPHERE 


Fig. 1a. 

Try as he will, the miner, 
using a suction pump, 
cannot make the water 
rise more than about 33 
feet. So the pressure of 
the atmosphere is enough 
to balance about 33 feet 
of water. 


Fig. 



When a tube filled with mercury is turned upside down with its 
bottom in a basin of mercury, the top of the mercury in the tube 
drops till it is about 30 inches above the mercury in the basin. 
This applies at whatever angle the lube is held. So the pressure 
of the atmosphere is enough to balance about 30 inches of mercury. 

U ten or 396 inches of water is equivalent to 30 inches of mercury because 
mercury is about 13 times as dense as stater and 396 is roug/dy equal to I 3 times 30 
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weight ot about 30 inches of mercury. More than that : 
the height of the column changed from day to day and so 
told them how the pressure of the atmosphere varied. And 
gradually men learned how to foretell the weather from the 
Avay in which the height of the mercury changed. They 
had invented the barometer. That was one of the things 

that came out of the worries of the miners about keeping 
their mines dry. 

In England mining problems were particularly important. 
Wood was the most important material in most industries 
up to the seventeenth century. It was the principal building 
material and the principal fuel, and, in the form of char¬ 
coal, it was necessary for smelting ores to get iron and 
other metals. England was beginning to run very short 
of wood ; and forests were disappearing. Some sub¬ 
stitute had to be found and, so far as the fuel side was 
concerned, it had to be coal. Now the problems of coal¬ 
mining are even worse than those of metal-mining. Besides 
flooding troubles, there are the dangers of explosions and 
poisonous gases which kill the miners. 

This led scientists of the Royal Society, like Robert 
Boyle, to try to find out the properties of air : what breath- 

* Pressure of the atmosphere. If a hole is made in the bottom of 
a tank of water, the water flows out. It is being driven out by a 
force which we call its pressure. If the hole is in the side near the 
bottom, the water still flows out, which shows that the pressure acts 
sideways as well as down. In fact, it acts in all directions, up, down, 
and sideways, and the pressure on any square inch of a surface 
against which the water is pressing is always the same at the same 
depth below the surface. Similarly we can think of the air as like 
the water in a huge tank ; and the weight of all the air above us 
causes the air at ground level to press on any surface with which 
it is in contact. This pressure is called the Pressure of the atmosphere 
or atmospheric pressure. The atmospheric pressure is about 14 lbs. 
weight on every square inch of surface. It is this pressure, acting 
on the water in the sump, that forces the water up the pipe of the 
pump. And when the water has risen to 33 feet, the pressure of the 
water in the sump on the air and the pressure of the air on the water 
are equal, so that the atmospheric pressure can force the water no 
higher. 


9 



SCIENCE AND PROGRESS 


ing really is, why some gases are poisonous, what is the 
nature of fire and explosion, and so on. 

And here the pump which the miner had developed 
came in useful again. Guericke, a German scientist, had 
adapted the suction pump to act as an air pump, so that 
he could suck the air out of a vessel and leave a vacuum. 
Boyle made use of the air pump to find answers to some 
of the questions we have just mentioned. He put'a mouse 
in the jar, pumped out the air—and the mouse died. He 
put a lighted candle in and the flame went out when the 
air was removed. From these and other experiments, 
Boyle and his fellow workers were able to conclude that 
there was something in the air that was necessary for both 
breathing and burning, and that breathing was in some 
ways very like burning. In this way scientists had begun 
to find the answers to some of the problems of coal-mining, 
though it took a long time before those answers were 
completed. 

But something bigger than that came out of this work. 
If breathing is like burning then something in our bodies 
must be burning as we live and that something must be in 
the food that we eat. It took over a hundred years to make 
this clear : yet Boyle and his fellow workers had started 
along the road which led to our modern knowledge of the 
way food is used to keep us alive (which we talked of on 
page 2). 

Perhaps that is typical of the results of seventeenth 
century science. These men tried to solve the problems 
of practical importance. Sometimes they succeeded. 
Often they did not produce results that were of great 
practical use at the time , but they made a good beginning 
to the research and, building on their work, the scientists 
of the next two hundred years were able to make dis¬ 
coveries which transformed our whole lives. 
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IV. THE INDUSTRIAL REVOLUTION. 

One of the most difficult problems about coal was to 
find out how to use it for iron smelting. Iron ore is a 
combination of iron with oxygen. Smelting is the process 
ot separating these two and it is carried out by heating the 
ore mixed with carbon. The carbon has a strong tendency 
to combine with oxygen, which it does, drawing The oxygen 
out of the ore. The iron runs molten to the bottom of the 
furnace, while the combined carbon and oxygen come off 
- as th e gas called carbon dioxide. 

Now the only good source of carbon before the eighteenth 
century was charcoal, obtained by burning wood with as 
little air as possible. Enormous quantities of wood are 
required. We referred in the last chapter to the shortage 
of wood in England. If the English iron industry was to 
continue, some substitute for wood had to be found. 

Coal, like wood, contains large quantities of carbon and 
therefore seemed a likely candidate. But it also gave off a 
number of other substances which spoilt the quality of the 
iron. So here was another problem for scientists—how 
to change the nature of coal to make it suitable for iron 
smelting. Throughout the seventeenth century many 
men worked on this problem. They had little success, 
yet they gradually gathered together knowledge of the 
properties of coal and iron which led in the right direction. 
And at last, in the early eighteenth century, Abraham 
Darby completed the job by discovering that coke, got by 
burning coal with just enough air to keep it going, served 
very well instead of charcoal for iron smelting. 

That saved the iron industry, for coal was as plentiful 
in England as wood was scarce. This was one of the 
discoveries that made the industrial revolution possible, 
for without it England could not have produced enough 


11 


SCIENCE AND PROGRESS 


iron to make the machinery and the steam engines which 
were necessary. 

We have heard much of the horrors of the industrial 
revolution, the 14, 15 or 16 hours day, the tiny children 
working. But it had its good side too. In 1750 the 
population of Great Britain was under 10 million. By 
1850 it was nearly 28 million. And that increase of 
population was made possible by the industrial revolution, 
by the more efficient methods of production which enabled 
the country to produce enough for these 18 million more 
people to live on. And after that early bad period of foul 
conditions, the general standard of living became very 
much higher, men and women were healthier and lived 
longer and more happily. There were two important 
factors here. On the one hand, the new methods of 
production meant a very much increased output of goods 
which could be used to raise the general standard of living. 
On the other hand, the workers learnt to band together in 
trade unions to ensure that they should get the benefit of 
at least a part of the increase. 

It is the first of these, the new methods of production, 
that concerns us here. These new methods of production 
were made possible by the work of many inventors, men 
like Hargreaves, whose spinning jenny allowed one operator 
to control several spindles, or Arkwright, who first used 
water-power to drive spinning machines where before the 
work had always been done by human muscles, or Compton, 
whose “ mule ” combined the two. These inventions, all 
made in the second half of the eighteenth century, meant 
that a far greater output of cloth was possible with only a 
fraction of the labour that used to be necessary. It was 
the same in other industries. After Darby’s discovery, all 
sorts of improvements were made in iron furnaces. Great 
advances were made in machine tools, and so on. 
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But most important of all was the steam engine ; for 
without the power which it provided, all this machinery 
would have been of little use. The steam engine is another 
invention that owes a lot to the miner. Before any of the 
machinery we have mentioned came into being, the miner's 
old trouble of water in the workings had reached such a 
pitch that he simply must have some improved source of 
power to drive the pumps. Several people tried to use 
steam for that purpose and Newcomen was the first to 
succeed with his “ atmospheric engine ” about 1712. If 
you look at Figs. 2a and 2b, you will see how this engine 
worked and you will also see that it owes much more to the 
miner than merely the fact that the miner wanted it. For 
one thing it uses a piston and cylinder, a piece of machinery 
that had become familiar through the miner's pump. For 
another it depended on- a knowledge of vacuums and 
atmospheric pressure and you will remember that that 
knowledge, too, came from scientists who were working 
on the miner's pumping problems. 

Although Newcomen discussed his work with scientists 
in letters,-he was not himself a scientist, but an ordinary 
blacksmith. But it took the application of science to 
improve the steam-engine to the point at which it could 
be really useful to the industrial revolution. The man who 
did most of the improving, James Watt, was not originally 
trained as a scientist either. He was an instrument maker 
at Glasgow University, and as such he came into contact 
with scientists and was able to use their methods in the 
problems he encountered. The Newcomen engine, he 
saw, was very inefficient and he wanted to improve it. 
Now it happened that Joseph Black, a professor at the 
University had just discovered what is called “ latent heat.” 
You know that when you heat a kettle of water up to 
boiling point it doesn’t all turn into steam at once ; you've 
got to keep on heating it to turn it into steam. Yet the 
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NEWCOMEN ENGINE. 

The important thing to note is that the work is done by the pressure 
of the atmosphere forcing the piston down after the condensing of 
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the steam has produced a vacuum in the cylinder. This is shown 
in Fig. 2b. The idea of using the pressure of the atmosphere comes 
from the experiences of miners, shown in Fig. 1a, and the experiments 

of scientists like that shown in Fig. 1b. 
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water in the kettle is at the same temperature as the steam. 
So all this extra heat is used, not to make the steam hotter, 
but simply to change water into steam at the same tem¬ 
perature. That was Black’s discovery—that apart from 
heating the water up to boiling point, you have to use up 
a very large amount of heat (the " latent heat ”) in turning 
the water into steam ; and if you take the latent heat 
out again, by cooling the steam, it condenses once more 
into water. Watt in 1765, after much thought, saw that 
this was the source of the inefficiency of the Newcomen 
engine. The steam is condensed in the cylinder at each 
stroke (see Fig. 2) and while this is happening the cylinder 
is very much cooled. Then when the next lot of steam is 
admitted it has to heat the cylinder once more and it can 
only do this by giving up its latent heat, that is, by con¬ 
densing. So a lot of steam is wasted in simply reheating 
the cylinder at every stroke and that means a lot of fuel is 
wasted. Watt saw that all this could be cured by doing 
two things : firstly, keeping the cylinder hot by means of a 
steam-jacket, and secondly, doing the condensing of the 
steam in a separate condenser into which it was drawn by a 
pump. The arrangement in an early engine of Watt's is 
shown diagrammatically in Fig. 3. 

That was the first and most important of Watt’s improve¬ 
ments to the steam engine. But he made many others. 
This engine was still only suitable for pumping. But the 
machinery we discussed earlier was now growing in impor¬ 
tance and needed something better than water power to 
drive it. So Watt turned his attention to an engine for 
driving rotating machinery and produced one in 1782. 
There we must leave the story of the steam engine, though 
it is only half finished, for science has had a tremendous 
part to play in developing Watt's early engines into the 
efficient monsters that we use to-day. 


16 


PRESSURE OF 



Fig. 3. 

WATT ENGINE. 

Compare this diagram with Figs. 2. The principle is really the 
same as that of the Newcomen engine, except that : (a) the steam 
jacket keeps the cylinder constantly hot, and (u) the condensing 
(on the downstroke) is done in a separate condenser into which 
the steam is sucked by a pump, instead of in the. cylinder. As in 
the Newcomen engine the pressure of the atmosphere forces the 
piston down on the working stroke and on the upstroke the weight 
of the mine pump pulls the piston up and sucks the steam into the 

cylinder. 
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We are going to skip lightly over the next hundred years 
of science. The biggest developments of that period were 
in electricity. The first battery to produce a continuous 
current was made in 1800. In 1823 Faraday discovered 
the principle of the electric motor and in 1831 the principle 
of the dynamo. But it took many years of development 
to turn these into practical machines, and the first central 
electric power station distributing to a district was not 
opened till 1882. Meanwhile the electric telegraph was 
invented in 1823 and by 1865 trans-Atlantic telegraph 
cables were in action. From these beginnings electrical 
science has advanced to the state at which we know it 
to-day. 


V. CAPITALISM GROWS OLD. 

The growth of capitalism and the growth of science 
went hand in hand. Science provided the methods of 
production which capitalism used and solved the technical 
problems which it encountered. Without the services of 
scientists capitalism would have stopped growing. And 
because capitalism needed science, it gave science great 
encouragement. Capitalists needed improved pumps and 
improved steam engines and were willing to pay scientists 
to search for the knowledge that would lead to those 
improvements. Thus the rise of science and the rise of 
capitalism were closely linked together. 

In the periods we have discussed up to this point, 
capitalism was chiefly competitive. Production in any one 
industry was carried on by many hundreds or thousands 
of comparatively small concerns, each employing up to a 
few hundred workers. These were in constant com- 
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petition with one another and this competition drove them 

always to improve their methods. This competitive urce 

to improve was the chief force that drove capitalists to 
use and encourage science. 

But within the last fifty years the nature of capitalism 

has changed very rapidly. Competition has not been 

eliminated, but it has come to be dominated by a new 

factor— monopoly. Many industries to-day are composed, 

not of thousands of competing concerns, but of one or two 

or a dozen large corporations. These few corporations 

can easily come to an agreement to eliminate, or at least 

to reduce, competition among themselves. This curtailment 

of competition is one of the chief features of modern 
capitalism. 

In addition, the great wealth of these monopolies gives 
them tremendous power to control things which at first 
sight do not appear to be their concern. Among other 
things they control a very great part of scientific research 
and they have an even greater control of the application 
of science. They control scientific research because much 
modern research can only be carried on with expensive 
apparatus and large teams of workers and the monopolies 
hold the wealth that is needed to pay for these. Most of 
the research in this country and in U.S.A. is, in fact, 
carried on in the laboratories of the big industrial mono¬ 
polies. And even University laboratories, which enjoy 
greatest freedom, depend for their finances largely on the 
goodwill of the industrialists. Lord Nuffield's grants 
for building research institutes at Oxford, and Lord Austin's 
gift of an extension to the Cavendish Laboratory at Cam¬ 
bridge, are notable examples, and in addition some scientific 
workers in the Universities receive part of their income 
directly or indirectly from the monopolies. 

In the same way, because the monopolies control the 
greater part of our production, they control the application 
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of the results of research in our everyday lives. In the 
next chapter we shall see some of the results of this control. 

The causes which brought capitalism to its monopoly 
stage are too complicated to discuss here, but we may 
note that scientific progress played a big part in this de¬ 
velopment. As science and invention advanced, the amount 
of machinery and equipment required in any industry 
grew greater and greater. That produced a tendency for 
production to be concentrated in larger and larger units, 
a tendency which made it easier to form these great mono¬ 
polistic combines and to come to price-fixing agreements. 
It also made it very nearly impossible for any newcomer to 
start up in competition with the firms already established. 

The other causes which brought the monopoly stage of 
capitalism into being are much more complicated and 
cannot be discussed here. Chiefly they are economic, 
the same causes that produce unemployment and slumps. 
As capitalism grows old, it becomes more and more 
difficult for the producers to make profits ; and monopolies 
and agreements to eliminate competition are attempts to 
overcome this difficulty. 

Another way in which the producers try to overcome 
their difficulties is by exploiting backward countries like 
those of Africa or India. It is possible to make much 
greater profits from these than from the advanced countries 
themselves, largely because labour is so much cheaper. 
So empires have grown up in which the colonial countries 
are exploited for the benefit of the capitalist combines at 
home. 

Thus capitalism in the last fifty years has changed a lot 
from the competitive capitalism that so greatly encouraged 
scientific advance. It is no longer free competitive capi¬ 
talism, but monopoly capitalism at home and imperialism 
abroad. 
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For a while this new stage of capitalism produced 
important new problems for science to solve. These huge 
empires, for example, needed better methods of communi¬ 
cation. So towards the end of the century men tried 
experimenting with wireless. It had been known for some 
years that wireless was a possibility, but it was only in the 
period of imperialist expansion that the need became so 
great that inventors really got down to the job. Marconi 
was successful in 1896 and from there radio developed 
steadily to the point it has reached to-day. 

The discovery of vitamins (see Chapter I.) also owed a 
great deal to the needs of imperialism. Diseases like 
rickets, which are caused by shortage of vitamins, have 
been known among the working class in this country for 
centuries, but it was the manufacturers who controlled the 
money that paid for scientific research and they were not 
much interested in the sufferings of working class children ; 
so no great interest was taken in rickets, and vitamins were 
not discovered in that way. It started like this. The 
Dutch Government was worried by a disease called beri¬ 
beri which was killing hundreds of people in the Dutch 
East Indies and reducing the efficiency of thousands more. 
If the flow of profits from this colony was to be kept up, 
something had to be done ; so they sent a commission of 
doctors out there in 1886. One of these, Eijkmann, after 
many months of work, noticed that chickens which were 
fed on the kitchen refuse developed a disease very like this 
beri-beri, but recovered after a change of diet. That led 
him to think that the disease must be due to something 
lacking in their diet of kitchen refuse and that the same 
thing must be true of beri-beri in men. After years of 
work he proved his theory true about 1903. Of course, if 
the effects of rickets in reducing the efficiency of workers 
in Manchester had been as obvious as those of beri-beri 
in the East Indies, the research which led to vitamins 


21 



SCIENCE AND PROGRESS 


might very well have been done in England. But the 
more obvious effects of rickets are suffering and deformity 
rather than loss of efficiency, and so it came about that 
vitamins were discovered as a part of the technique of 
exploiting the colonies. The rest of the story of vitamins 
has been briefly told in Chapter I. 


VI. WASTED SCIENCE. 

# 

With our present knowledge of vitamins added to all our 
previous knowledge of food, it is true to say that we can 
tell pretty well just what a man should eat in order to be 
healthy. Of course, there are still unsolved problems to 
be worked on, but we know the answers near enough to 
be able to plan an adequate diet of food for everybody— 
so far as the scientific side is concerned. Yet to what 
extent have we been able to make use of this scientific 
knowledge? In 1935 four and a half million people in 
England ate less than the necessary quantities of even the 
cheapest foods, and almost none at all of important foods 
like milk, fruit and green vegetables. Another 18 million 
got some of these important foods, but still not as much 
as they should have.* And this wasn’t because they were 
too ignorant to know what foods to eat. Probably they 
were not educated properly in these matters (our education 
system doesn't give them much of a chance), but the real 
reason was simply that they couldn’t afford it. The 
four and a half millions could only afford less than 4s. per 
head per week on food ; the next 18 millions less than 8s. 


*These figures are quoted from The Englishman's Food by J. G. 
Drummond and A. Wilbraham, p. 542. 
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per head per week. That sort of failure to apply science has 
become common in the last two or three decades. Science 
can tell us what to do in order to be healthy and happy. 
But so far we haven't been able to do it. And the only 
reason is that the economic system under which we live 
cannot give us even sufficient wages to buy the food we 
need. 

That was in peace time. Now to meet the needs of war 
our government are making more use of the science of 
food than ever before. What they are doing is by no means 
perfect, but it is a great advance and it will be up to us to 
see that after the war we go forward from here and not 
back to the same old semi-starvation that afflicted so many 
of the working class in 1935. 

It has been shown that by taking proper steps we can get 
rid completely of diphtheria. In the town of Hamilton, 
Ontario, they have taken these steps and have had no case 
of diphtheria in 5 years. Yet in England and Wales more 
than 60,000 people took the disease in 1937, and nearly 
3,000 of them died. There's another example where 
science has provided the means of getting rid of much of 
our misery, yet social factors prevent us from putting 
the science into practice and we just go on suffering. 

Here’s another case. In 1934 the American Bell 
Telephone Company and companies which it controlled 
owned 9,234 patents for inventions. Of these they were 
actually using 4,225. The rest, of course, could not be 
used by anybody else because Bell Telephone held the 
patents. They had good excuses for not using 1,576 of the 
rest. But they said that they were not using 2,126 of the 
patents because there were better alternatives available. 
And they claimed that there was no public necessity for 
making use of the remaining 1,307. A U.S. Federal 
Commission was investigating this affair and of the 2,126 
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patents which according to the company were unused 
because better alternatives were available, they said simply 
this : that the Bell Telephone Company had bought up 
these patents, not because they might want to use them, 
but to prevent any competitors from using them—to 
prevent others from making use of the progress of science. 
And of the other 1,307 they implied that the company 
had no right to say whether there was or was not a public 
necessity for using them ; that this was just another way 
of preventing possible competitors from using the results of 
scientific advance. 

That in a nutshell is how capitalism has changed in 
regard to scientific progress. In the old days of com¬ 
petitive capitalism more profits could usually be made by 
the man who used a new invention and so the advances of 
science were rapidly put to good use. Now, in the days of 
monopoly, more profits can often be made by sticking to 
the old methods even if they are inefficient. It costs 
money to instal new equipment and the cost may not be 
repaid by future takings. But the monopolists have got 
to make sure that nobody else makes use of the new im¬ 
provements to try to run them out of business. They 
have the power to buy up patents and prevent their use 
and in fact they often do this. 

Of course, as we have already seen, most of the scientific 
research and application of science in Britain and U.S.A. 
is carried out or financed by the monopolies. No other 
body has the necessary funds at its disposal. So naturally 
a very considerable part of the scientific advance of recent 
years has been made by the monopolies. But that does 
not alter the fact that in many cases monopolies in their 
own interests prevent science from advancing as it could do. 

Many other examples could be quoted. An American 
expert made himself a razor blade in the light of all 
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science knew about the properties of metals. It was 
such a good blade that he was able to use it daily without 
sharpening for over two years. But the razor blade manu¬ 
facturers make sure that nothing of that sort comes on the 
market—they can make much bigger profits from the old 

blades that last only a day or two. 

# 

Again think how much better our position would have 
been in this war if we had had a synthetic rubber industry 
in this country. It would have been perfectly possible 
(in fact they have it in the U.S.S.R., and, very recently, in 
U.S.A.). But then it would have cut away the profits from 
the companies that sold natural rubber from Malaya and 
these companies were able to use their influence to prevent 
the development of synthetic rubber. 

These are only a few cases, but there are many others 
like them. Of course, scientific advance has not stopped. 
But in many fields it has been considerably retarded and 
this tendency, which (in peace time conditions) seems to 
be growing rapidly, is closely linked with the growth ot 
monopolies and the fact that they can often make more 
profits by suppressing science than by using it. 


VII. SCIENCE UNDER FASCISM. 

It is said that a banker once defined scientific research 
as the thing which made his securities insecure. I hat is 
the reason for all the lost opportunities we saw in the last 
chapter. But let us not lose our sense of proportion. 
Remember that one of the Nazi leaders, Jost, said : ^ When 
I hear the word culture I reach for my revolver. And 
science is a very big part of culture. II England and the 
U.S.A. are not able to make the best use of science, at 
least they do not make it one of their main aims to destroy 
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science. The Fascists do. A mere glance at the history 
of the past few years shows how badly science has suffered 
at the hands of the Nazis. 

Before the days of Fascism Germany was one of the 
greatest homes of science. Then the Nazis came to power 
in 1933. And they were quite sure what they wanted and 
quite ruthless in making sure they got it. They did not 
want progress and happiness for the ordinary people, and 
therefore they did not want the science that brings progress. 
They wanted instead to make Germany safe for the big 
monopoly capitalists to go on making their millions out 
of the blood and toil of the German people. They wanted 
to produce a nation so frightened by Nazi bullying or so 
deceived by Nazi lies that they would not revolt no matter 
how heavy the oppression of the monopolies became. They 
could never completely succeed in that aim, for even in 
the darkest days the spirit of freedom lived underground 
in Nazi Germany. But they managed to frighten or 
deceive most of the people and when they had done so they 
went on to their second aim—the aim of spreading Nazi 
power all over the world, the aim of making not merely 
the German people, but the people of the whole world, 
the slaves of the German monopoly capitalists. 

Now in carrying out the first of these aims, bullying or 
deceiving the German people into being willing slaves, they 
did not need science except in so far as they made use of 
scientific means of propaganda. And they made sure that 
science suffered accordingly. In 1932 there were 12,951 
students of science in German Universities. By 1936 the 
number had dropped to 4,616—only a third of what it was 
before Fascism arrived. Meanwhile some of the greatest 
German scientists were removed from their posts and 
driven into exile—men of world-wide fame like Einstein, 
Schroedinger and Haber. Others died in concentration 
camps. Yet others did a little better, being dismissed 
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from their jobs and allowed to live in retirement. In (heir 
places the Nazis appointed, not the best scientists obtain¬ 
able, but the best Nazis. For they looked on the Univer¬ 
sities, as they looked on everything else, as places for 
training obedient young Nazis. 

But it wasn't enough for them just to drive science out. 
They wanted something they could put in its place, some¬ 
thing they could call “ science," something that looked at 
first sight like science, but at the bottom something that 
would help just a little more in the process of deceiving the 
German people. So they caught hold of certain scientific 
theories and twisted them to their own ends. 

Take, for example, their so-called “ racial science." 
If there is one thing that science can assert quite clearly it 
is this : that the races of mankind differ quite largely in 
certain qualities like colour of skin and shape of head ; 
but that in the qualities that really matter, like intelligence 
and honesty, the differences between one race and another 
are so small that we need take no notice of them. Nations 
and peoples behave quite differently from one another— 
for example, the war-mongering of the Germans against the 
peaceful progress of the Soviet people until war was forced 
on them. But the reasons for these big differences lie in the 
social conditions under which they live—Fascism in 
Germany, Socialism in the Soviet Union—not in any 
differences between races. The people of one race are just 
as capable of good as those of another, provided they live 
in a social system that gives them a chance. 

Now that did not suit the purposes of the Nazis. For 
one thing they wanted to be able to blame the Jews for 
everything that went wrong and so escape taking the blame 
themselves. Secondly they wanted to prepare the people 
to be quite ruthless and cruel when the time came to try 
to conquer the world. And to do that they had to make 
people believe that all other peoples besides the Germans 
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were of inferior race, only fitted to be slaves to the Germans, 
and must be mown down with machine guns if they tried 
to resist their German masters. 

Now ethnology (as the science that deals with races is 
called) would give no support at all to those ideas. So 
they pushed it aside and invented a racial theory to suit 
their own purposes. They didn't bother about making 
it fit the facts that science had discovered about races. 
But they dressed it up to look like science, so as to make it 
seem that science was on the side of Nazi propaganda. 
At the centre of this theory was the great Nordic race, to 
which they pretended all true Germans belonged. Nordics 
were tall, fair-haired, blue-eyed and had all the virtues. 
They were so much better than other races that obviously 
the others were merely meant to be their slaves. And 
right at the bottom of the scale were the Jews, a race which 
had every evil character you could think of and so was to 
blame for everything that went wrong. Or so the Nazis 
said —and they called it science. Take this quotation, for 
example : 

“ In non-Nordics, the teeth, corresponding to the 
snout-like narrowness of the upper jaw, stand at a 
more oblique angle than in animals. The grinding 
motion of chewing in Nordics allows mastication to 
take place with the mouth closed, whereas men of 
other races are inclined to make the same smacking 
noise as in animals. . . . 

“ The Nordic mouth has further superiorities. Just 
as the colour red has a stirring effect, the bright red 
mouth of Nordics attracts and provokes kisses and 
courtship. The Nordic mouth is kiss-capable. On the 
other hand, the non-Nordic's broad, thick-lipped 
mouth, together with his wide-dilated nostrils displays 
sensual eagerness, a false and malicious sneering 
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expression and a dipping movement indicative of 
voluptuous self-indulgence. . . 

“ Talking \vith the aid of hands and feet is charac¬ 
teristic of non-Nordics, whereas the Nordic man 
stands calmly, often enough with his hands in his 
pockets. ... • 

“ Generally speaking, the Nordic race alone can 
emit sounds of untroubled clearness, whereas among 
non-Nordics the pronunciation is impure, the in¬ 
dividual sounds are more confused and like the noises 
made by animals, such as barking, sniffing, snoring, 
squeaking. . . .” 

That is not just the raving of a tub-thumper. It was 
written by a Nazi professor , Professor Hermann Gauch, 
and it is supposed to be science, though in actual fact, of 
course, it is absolute nonsense. 

Now science is concerned with finding the truth about the 
world—not final truth, of course, for there is always more 
to be learnt, but the nearest approach to truth that is 
possible at any time. And, of course, that means that 
science must agree with the world as we observe it. No 
theory can be called scientific unless it fits the facts that we 
learn by observation and experiment. And it would be 
very difficult to make anybody with a pair of eyes believe 
that the description in that passage fitted the facts. So in 
their “ racial science ” the Nazis had to give up the idea of 
observing facts as the way to find out the truth. Then 
where were they to look for truth ? Herr Franck, Minister 
of Justice, gave the answer very simply : “ The ideas of 
Adolf Hitler contain the final truths of every possible 
scientific knowledge.” Just as in everything else, what 
Hitler said was to be taken as true, and it didn't matter 
if your eyes told you an entirely different story. Well, 
that may be convenient for the Nazis, but it just isn’t science. 


29 



SCIENCE AND PROGRESS 


Science means really looking for the truth, not just lapping 
up the words of some dictator. 

So German science was to ignore the results of observa¬ 
tion and experiment and instead merely to repeat and 
expand the sayings of Hitler. Hitler said that the Nordic 
race possessed all ggod qualities, the Jewish all bad. And 
Nazi “ science ” followed the Leader. But Hitler was no 
fool. He knew that his race theory was false. Here is 
what he wrote in a private letter to one of his intimates : 
“ I know perfectly well, just as well as all these tremen¬ 
dously clever intellectuals, that in the scientific sense there 
is no such thing as race.” Then he went on to explain 
that he needed some theory to help push through his 
political ideas and that he invented race theory for that 
purpose. And he continued : “ With the conception of 
race, National Socialism will carry its revolution abroad 
and recast the world.” 

So there it is in a nutshell. German “ science ” is to be 
just what Hitler says. And Hitler knows very well that he 
is talking nonsense, but he’s willing to tell any lies if they 
will help him to enslave the world. That would be the 
future of all science if the Nazis were to win the war. We 
must see that it never happens. 

So we see that Fascism is the very antithesis of science. 
Its attempt to bolster up a decaying system of society by 
armed force and the conquest of the world is itself in 
defiance of all the laws of science and reason. The Fascists 
can hope to enslave the world only by destroying all freedom 
of thought and scientific research and ultimately by des¬ 
troying scientific knowledge altogether. 

So from about 1937 when the Nazis came to concentrate 
on their second aim—the conquest of the world—they 
were faced with a contradiction. All forms of scientific 
knowledge were deadly dangerous to them—but at the 
same time they needed to use scientific knowledge and 
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technique for the purposes of war. The Fascists have in 
actual fact been able to reach quite a high degree of effi¬ 
ciency in the use of scientific discoveries and their applica¬ 
tion in certain fields. They have used science to make 
faster aeroplanes and flying bombs, and to find 
substitutes for the raw materials from which they would be 
cut off in time of war. They have quickly pushed ahead 
with the training of thousands of new people working on 
scientific and technical problems connected with the war. 

But the very aim for which these men are working is the 
destruction of science. And the absence of freedom of 
thought and the denial of scientific truth which prevail 
under Fascism inevitably prevent these people from 
making full use of modern science even for the purposes of 
war. 

British science on the other hand living under far freer 
conditions of thought and research is beating Fascist 
science in this war more and more as time goes on. What 
is more, while the Fascist countries have imprisoned, killed 
or exiled many of their greatest scientists, the outstanding 
chemists, physicists and other scientists of Britain are 
spurred on by the very menace of Fascism to develop their 
research as never before. And the National Unity against 
Fascism has gone a long way towards removing those 
restrictions on science in Britain and U.S.A. which we 
discussed in Chapter VI. British and American science 
has become to a far greater extent than ever before a free 
science working for the people. 

The efforts of British and American scientists have 
contributed a great deal towards our war efficiency. We 
hear of* some parts of their work—radio-location, the 
“ degaussing ” which beat the magnetic mines a few weeks 
after the Fascists began to use them, and penicillin, that 
marvellous new drug which is now saving the lives of 
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tremendous numbers of our wounded. Most of the war 
work of scientists is much less spectacular—improving 
methods of production, discovering new ways of fighting 
diseases that reduce the output of war workers, finding new 
ways of preserving foods—and most of it must remain 
secret till the war is over. But, though we cannot know the 
details now, we can be confident that the free science of 
Britain, U.S.A. and the U.S.S.R. is a very mighty weapon 
for the defeat of Fascism. 


VIII. SOVIET SCIENCE. 

While these horrors were going on in Germany, science 
was being used very differently in the U.S.S.R. The 
Soviet people had a very different end in view—not war and 
world conquest, but peace and health and happiness for all. 
They wanted to produce more and more, so that everybody , 
could have all they wanted ; and they needed science to 
help them to produce more. They wanted to get rid of 
those sorts of work which are dangerous and unhealthy, 
or, if they couldn't get rid of them altogether, at least to 
make them as safe and as healthy as possible ; and they 
called in science to help them. They wanted to keep 
people healthy instead of just curing them when they were 
ill ; so they had to have a new sort of medical science. 

It would be impossible in a few pages to give a proper 
picture of Soviet science, for this reason : that science is 
more closely tied up with the whole life of the people in the 
U.S.S.R. than in any other country. The Soviet people 
know that scientific advance is the key to increasing 
happiness, and so they use science everywhere in their 
lives. We can only take one or two examples. 


32 



SOVIET SCIENCE 


One of the most dangerous jobs in the world is that of 
the coal miner. He may be killed by a roof-fall or an 
explosion, or by the poisonous gases that the coal gives 
off, and he is also liable to suffer from the terrible disease 
of silicosis which comes from continually breathing dust¬ 
laden air. Any country that cares for its citizens will 
surely try to abolish such a dangerous occupation as 
coal-mining. And it can be done. A very great part of 
the coal is not used as coal, but is converted into gas and 
used in that form. And obviously, if need be, a great deal 
more coal than at present could be used in the form of gas. 
Now, over thirty years ago. Sir William Ramsay, the 
English chemist, saw that there is no need to bring the coal 
to the surface and then convert it into gas. Instead you 
can pump air down a shaft into the coal seam, set the coal 
alight there, change it into gas and pump the gas up another 
shaft. Ramsay tried to get the coal-owners to make use 
of this method. But he came up against the same trouble 
that we discussed in Chapter VI—the coal-mining com¬ 
panies found it more profitable and convenient to stick 
to the old methods. 

But Lenin, in 1913, read about Ramsay's idea and 
immediately saw how important it was. He wrote an 
article in Pravda in which he pointed out that not only 
would this method abolish the dangers of mining, but also 
it would actually be possible to get far more energy out of 
the coal in this way than by the old mining methods and 
to get it by far less labour. He pointed out the tremendous 
possibilities of the underground gasification of coal (as 
the method is called) under Socialism. 

And now in the Socialist country which he helped to 
make, Lenin’s vision has become fact. Soviet scientists 
and engineers began to experiment with it in 1933. They 
had many difficulties to overcome, but by 1940 they had 
achieved success and now several stations for the under- 
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MINING WITHOUT MINERS. 

General view from the surface of an underground gas station 
showing the inclined steel shaft entering the coal seam. 


MINING WITHOUT MINERS. 

General view of Control Room. All operations are controlled 
and recorded in this Control Room. The operator has complete 
control of the process and can regulate the quantity of the gas at 

will. 
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ground gasification of coal are in use and several more are 
under construction. And the results have been excellent. 
Not only are the underground miners cut out (completely 
in the most up-to-date stations, though they are still used 
a little to prepare the shafts in the earlier types), but also 
the total number of workers needed to work a seam is 
reduced by a thousand or so in each case, leaving these 
workers free to produce other things that the people need. 
Again, the ordinary mining methods waste about two- 
fifths of the coal, which cannot be got out, whereas this 
method only leaves about one-tenth behind. And under¬ 
ground gasification can be used on thin seams of poor- 
quality coal, where the old-fashioned mining just would 
not pay. In fact it is on such seams that the method is being 
used at present. 

One of these underground gasification stations is like a 
peep into the future—with the old way the ugly pithead and 
the crowds of miners coughing with silicosis, surrounded 
by factory chimneys belching forth smoke which covers 
all the buildings with black soot and poisons the air ; 
in the U.S.S.R. a neat control room, from which the 
underground fires are controlled by pressing buttons and 
turning handles, the gas taken in pipes to drive electrical 
generators or be converted in chemical factories into 
artificial manures and other products, the air free from 
smoke and the people healthy and happy. 

You will notice that we started talking about under¬ 
ground gasification of coal and ended up by showing how 
it helped to make people healthier and happier. That is the 
way that science is looked upon in the U.S.S.R. ; it has 
only one ultimate object : happiness. And, as we all 
know, health is one of the most important parts of happi¬ 
ness. So naturally there is a very great concentration on 
the science of health. “ Medicine ” is the name usually 
given to the science of health, but it is a misleading name, 
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for it makes us think too much of merely curing diseases. 
That, after all, is what we are used to here. When we are 
ill we go to the jdoctor who tries to cure us. But we know 
that illness does not “ just happen ” ; it has causes and they 
are often causes over which we have no control as indi¬ 
viduals. A great deal of our illness is due to the conditions 
we work under or live under. The miner or the sand¬ 
blaster knows that his silicosis comes from his job ; the 
busman or the engine driver is quite well aware that his 
irregular and hurried meals are the cause of his gastritis ; 
and so on. And many other diseases, we know only too 
well, are caused by the smoke over our cities, the dirt of the 
slums in which so many of our people are forced to live, and 
things like that. We get our diseases from these causes ; 
yet all we can do about it is to go to the doctor and hope 
that he can cure us. And even then the rich man can have 
the very best doctor and all the rest and change of air and 
expensive treatment that he needs. But the worker has to 
make do with the overworked panel doctor, and the doctor 
knows that it is no use telling him to have a rest and a 
change and a course of treatment costing fifty guineas ; and 
very often all he can do is to give him a bottle of medicine 

and hope. 

Of course, there are certain government and municipal 
health services which do make an effort to prevent disease 
and get rid of its causes, but they do not have the powers 
or the finance to do the job properly. In the Soviet Union 
on the other hand, the preservation of the health of the 
people is regarded as of first class importance, not only 
by doctors and nurses, but also by the State and by those 
who run and control industry. The men who built the 
underground gasification stations were not merely thinking 
of a better and cheaper way of getting the energy out of 
the coal. They were thinking just as much of getting rid 
of the miner’s disease of silicosis and the clouds of smoke 
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which injure the health of the people who live in cities. 
And through all industry it is the same ; the health of the 
worker comes first. The factory clinic does not merely 
treat workers who are ill ; it makes sure that any processes 
in the factory that are causing illness are changed to get 
rid of the causes. No new industrial process may be 
introduced until the doctors have passed it as being safe. 
And where dangerous or unhealthy jobs remain (for science 
has not yet got tar enough to abolish them all), the workers 
who do them are given specially short hours of work and a 
special diet to help them to keep healthy. Besides, they 
are regularly examined by the doctors and, if they show 
any signs of being ill, sent for holidays (with pay) in special 
rest homes until they recover. 

And when, in spite of all this, a worker does fall ill, 
what happens ? Well, he goes, not to a single doctor, but 
to a Polyclinic, where a number of doctors, nurses and 
scientists work together as a team. And because the 
Polyclinic works as a team, it can have all sorts of equip¬ 
ment that no private doctor could possibly afford—X-ray 
apparatus, massage departments, and so on. Behind the 
Polyclinics there are the hospitals, the rest homes and 
sanatoria—all free for those who need them. When a 
worker is fit to return to work, but still needs special 
attention, he can go and live in a night sanatorium for a 
few weeks. Although he goes to work every day (perhaps 
only part-time) he gets special care at the sanatorium at 
night and is soon completely well. In the same way a 
worker who is a bit run-down, but still fit to work, can 
live in the night sanatorium for a while and soon be fit 
again (whereas under our system he would just go on work¬ 
ing until he became really ill and had to stop). 

Now we have only described how the U.S.S.R. organises 
its health services to make the best use of already existing 
medical knowledge. It is, of course, also necessary to 
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carry on continual research in order to improve that 
knowledge, for as yet mankind has only gone a little way 
towards the conquest of disease. In the Soviet Union 
that research is going on and some very remarkable dis¬ 
coveries have been made. We have no space for them 
here, but let us, for example, remember that the methods of 
blood transfusion which are saving so many of our lives 
to-day were largely developed in Moscow and later further 
improved in Barcelona in the Spanish struggle against 
Fascism. We have learnt this from the U.S.S.R., and we 
must make sure that in future nothing is allowed to prevent 
that free exchange of information on scientific (and all 
other) matters that can help both our countries so much. 


IX. SCIENCE AND THE FUTURE. 

The last three chapters showed us a very great contrast : 
under capitalist democracy in Britain and America science 
advancing in face of adverse forces (but with great changes 
for the better during the war) ; under Fascism science 
completely dead, except for war purposes ; but in the 
Soviet Union science advancing rapidly and triumphantly, 
bringing health and happiness to all. 

That contrast is not an accident. Soviet science is 
progressing at this tremendous rate, not because the Soviet 
people are better scientists than those of other countries, 
but because those people live under Socialism and Socialism 
alone can apply science for the good of the people. An 
Englishman invented the underground gasification of coal, 
but the coal-owners, whose interests lay in the old methods 
of mining, were unwilling to use his invention, and only in 
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the Soviet Union could his invention be applied. The 
medical knowledge required to keep people well instead 
of curing them when they are sick, was much further ad¬ 
vanced thirty years ago in England and U.S.A. than in 
Russia. In England and U.S.A. nobody could make a 
profit by applying it, and so it was not applied. But in the 
U.S.S.R. happiness, not profit, was what mattered, so that 
all this knowledge was rapidly put to good use, as we 
have seen. 

These things make clear one of the reasons why science 
does so much better under Socialism than under capitalism : 
that the objects of capitalism and Socialism are different. 
The object of capitalism is to make as much profit as 
possible for the producer, and under capitalism science will 
usually only be given a chance where and when it makes a 
profit for somebody—which means that many of the 
most important possibilities of science can never be ful¬ 
filled. But under Socialism the object is the best possible 
life for all and science is called upon to give all it can 
towards achieving that good life. 

There are other reasons, too, why capitalism can never 
make use of science as Socialism can. For instance, it is 
no use expecting the best to come out of science if you leave 
it all to chance and the working of the profit motive. It is 
necessary, instead, to find out the problems that need 
solution and then plan research to solve them. And 
capitalism cannot plan science properly (though sometimes 
under the stress of war it makes a half-hearted attempt). 
By and large, scientific research in a capitalist country is 
carried on in a host of different laboratories all working 
independently of one another : laboratories of several 
industrial firms all working at the same thing in secret, 
each hoping to find the answer before the others so that 
their firm can draw the profits ; university laboratories, 
often cut off completely from the application of science to 
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real life, obtaining important scientific results, but with no 
idea ot whether they are any use to the people of the 
world—and sometimes not caring very much. All that 
happens because the whole basis of capitalism is to plan as 
little as possible, so that individual firms may make their 
pile by competition. 

That may be all right for the industrialists, but for the 
people it simply means that they do not enjoy the benefits 
that science could bring them. Take by contrast the 
U.S.S.R. There as each Five Year Plan is worked out, 
the place of science within it is also carefully planned' 
The planners of industry and agriculture come to the 
Academy of Sciences with requests like this : “ In the 
next five years we want to increase our production of wheat 
by so much. To do that we shall have to improve the 
yields on the land we already use and we shall have to learn 
to grow wheat on lands which up till now have been too 
far north for wheat. Will you produce the new varieties 
of wheat and the new methods of cultivation that are 
necessary ? ” The Academy of Sciences considers just 
what sort of scientific problems are involved in all this 
and passes them out to various scientific institutes and 
laboratories. And these institutes and laboratories get 
down to the job of planning just how they can set about 
getting the required results. Now you can never tell in 
advance exactly what results science is going to give, but 
you can make sure that it will give some results that will 
help in a problem like this. If one method of improving 
the production of wheat fails, then some other will succeed, 
and there are so many possible ways of solving a problem 
that, by planning to test them all scientifically, you can be 
fairly sure that one or two will give the required results. 
If we are to get the best out of science in the future that 
sort of planning is necessary—and we can only have it 
fully under Socialism. 
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Another way in which capitalism prevents the best use of 
science is this. Obviously it you want the quickest possible 
advance of science, you must make use of all the best 
scientists that the people can provide. You must make 
sure that every person who shows signs of scientific ability 
has a good chance of becoming a scientist. Under capi¬ 
talism that does not happen. True, there are scholarships, 
by which even a working-class boy can go to a university 
and train as a scientist. But even with this help he doesn’t 
have anything like so good a chance as the chap whose 
parents are well-off. For one thing, there are not nearly 
enough scholarships, so that only a few out of the many 
possibles get a chance. Add to that the fact that the son 
of rich parents can have a cosy room to himself to study in, 
while the working-class lad has to make do with a corner 
of the kitchen table and all the family life going on around 
him and distracting him from his work. No, the scholar¬ 
ship system only partly solves the problem. The result is 
that among the working class (by far the largest class) 
there are hundreds or thousands of men and women who 
could have made scientific discoveries that would have 
brought great good to their fellow-workers, but who never 
had a chance to do so. Much of the tremendous potential 
. scientific ability of the working-class is wasted. 

Again it is very different under Socialism. Educational 
opportunities are the same for everybody ; ability is the 
only thing that counts towards becoming a scientist. And 
so the whole people get the benefit of the work of the very 
best scientists that they can produce. That is one reason 
why Soviet science has advanced so rapidly. Many 
Soviet scientists were sons of workers or peasants, but they 
got their chance and they made good use of it for the 
benefit of the whole Soviet people—like Lysenko, son of a 
peasant, who found new ways of treating wheat to make it 
grow in the far north where the winters were too cold and 
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the summers too short for it to be grown by the old methods, 
who improved the methods of growing potatoes, cotton 
and various plants which give rubber. That is how under 
Socialism the people benefit from the fact that everybody 
who has the bent can become a scientist. 

It is not even enough that everybody should have a 
chance to become a scientist ; everybody should be able to 
use scientific methods whatever their job. The way any 
job is done can always be improved by applying science 
to it. Now it is no use expecting the scientists to come 
round the benches and show the operators the best way to 
do the job. After all it takes years to learn a skilled job 
and you can hardly expect a scientist to learn it in a few 
days and tell the worker how to improve his methods. 

* Instead, it is necessary that every worker should be given a 
chance to learn some science. Then he can apply it to his 
own job. That is what Stakhanovism means. It is not 
merely working harder. It is applying science to the job, 
working out new methods, so that one man can produce 
what two or three or a dozen produced before. 

And again we know that in capitalist countries the 
workers don't get enough scientific education to be shock- 
brigaders (workers with real scientific knowledge might 
be dangerous, for they might realise how much better they 
themselves could organise the factory and the country). 
But under Socialism everybody gets a scientific education 
and everybody has a chance to apply scientific methods to 
his own job as Stakhanov did and many others after him. 


X. SCIENCE IN THE WAR AGAINST FASCISM. 

In the first five chapters of this book we saw what a big 
part science plays in shaping the life of mankind. In the 
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sixth we saw how present-day capitalism fails to make 
proper use of science. In Chapters VIII and IX we saw 
the tremendous possibilities of science under Socialism. 
And those chapters point out the way to happiness in the 
future. But we must stick to the realities of the present 
moment and it is from Chapter VII that we learn what 
we must do to-day. 


In that chapter we discussed the fate of science under 
Fascism (and this is an indication of the late which would 
befall everything we value in life if Fascism should 
conquer). It is clear that if we are to have any hope that 
in the future the possibilities of science are to be realised, 
then right now we must see that Fascism is wiped ofT the 
face of the earth. 


And in doing that science has a very great part to play. 
Modern warfare is scientific warfare. The speed of 
aeroplanes, the accuracy of their bomb-sights, the explosive 
power of the bombs they drop ; or the speed and the 
armour of tanks ; or, on the home front, the ability of the 
nation to find substitutes for the materials that are cut off 
by blockades—all these things are important factors in 
modern war. And the key to all these things is science. 
Of the Battle of Britain, Mr. Churchill said : “ Never was 
so much owed by so many to so few.” And at a conference 
of scientists held in January, 1943, Air Chief Marshal Sir 
Philip Joubert told the audience that among the few to 
whom so much was owed by so many were to be counted 
the scientists who worked on radio-location. Without 
radio-location the badly outnumbered R.A.F. would have 
had to keep fighter patrols continuously in the air ; and 
the strain might have broken them. With the help of 
radio-location they could keep the planes and the pilots 
resting on the ground, yet when an attack came they 
would be up in the air in time to meet the enemy. 
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Fascist Germany has made very full use of science to 
equip its war machine, with terrible results for the rest 
of the world. We shall conquer Fascism by making an 
even better use of science. Already our Soviet allies have 
shown to the world that peace-loving nations, when war 
is forced upon them, can also use science to very good 
purpose in war. In the U.S.S.R. there is hardly a single 
scientist now who is not working directly for the war 
effort—and the effects of their work are seen in the tre¬ 
mendous efficiency of the Red Army’s weapons. In this 
country, too, a very large proportion of scientists are 
working steadily to improve our war effort. They have 
produced some wonderful results (many of which must 
remain secret till after the war), but there is still room 
' for a lot of improvement in our use of science. 

War science must be planned science. The chaotic 
unplanned science of peace-time capitalism is no use for 
war. But, unlike our Soviet allies, we have not yet learned 
how to plan properly. We have not got the years of 
experience at peace-time planning that is now proving so 
useful to them. And, what is worse, when we do try to 
plan we find that, just as in peace-time, sectional interests 
stand in the way. Industrial firms are sometimes unwilling 
to share scientific knowledge with one another, because to 
keep it secret gives them a competitive advantage, both now 
and after the war. Some firms keep scientists working on 
peace-time problems so as to be ready for the post-war 
boom. Some university scientists (though, it is good to 
note, not very many) are taking advantage of their position 
to carry on with work having no relation to the war. 

These are the sort of difficulties we have to deal with 
in getting our science fully behind the war effort. But 
they must not be used as excuses. Excuses will not win 
the war. We must make the best use of science as it is 
and at the same time do our best to overcome the vested 
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interests and have our war science planned as well as 

possible. In fact, the needs of the war have brought the 

government to plan and co-ordinate our scientific work 

in a way that was unheard of before. There are faults 

yet in our use of science, but these must not blind us to 

very positive achievements. What is also very encourasim; 

is that a great deal of this improvement has been due to 

the agitation of the scientists themselves, scientists who 

have realised as never before that science must serve the 

needs ol the people—in this case winning the war_and 

who have voiced their demands in order to obtain the 
necessary reorganisation. 


In fact, the scientists of this country are fast waking up to 
a realisation of what is needed. The Association of 
Scientific Workers has been fighting for the better use of 
science in war, and the increasing support that it is getting 
is shown by the fact that its membership increased in a 
year from 3,000 to 11,000. Furthermore, scientists have 
come to realise that they can fight more effectively for the 
best use of science if they do so as a part of the organised 
Labour Movement. Until 1942 there had been a tendency 
for scientists to think that their interests were different 
from those of the working class, and scientists had mostly 
remained outside working class organisations. But when 
they came to realise that they had to fight hard to get 
science properly used against Fascism, they soon found 
that the interests of scientists and the-interests of workers 
are the same, in fact, that the scientist is just one particular 
sort of worker and that he is exploited and his work is 
misused, just like any other worker. They realised, too, 
that they would be stronger in their fight for improvements 
if they fought alongside the organised Labour Movement. 
And so, in the spring of 1942, the Association of Scientific 
Workers affiliated to the T.U.C. The close unity of 
scientists and workers which began in that way will be a 
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strong weapon in the fight to get science properly used in 
this war and, after the war, in the fight to ensure that the 
possibilities of science are properly used for the good of 
the people. 

This co-operation takes place at the workshop level, too. 
The great work done by Joint Production Committees in 
increasing the efficiency of our war production is well- 
known. And in many factories the scientists are doing 
their share by making their technical knowledge available 
to the J.P.C., so that suggestions put forward by the workers 
can be really scientifically sound. It is unfortunate that 
employers in most factories refuse the scientists direct 
representation on the J.P.C. and thus prevent them from 
contributing their full quota to the solution of production 
problems. But good working co-operation between the 
scientists and the workers' representatives on the J.P.C. is 
always possible and can do a great deal in this direction. 

Meanwhile let us remember that science is not just the 
concern of the scientist. When we say that this is a 
scientific war we mean that everyone must use all the 
science he can to help the war effort. Opportunities to 
use science lie all around us in our daily lives. If, for 
example, we learn a little about vitamins and act on our 
knowledge, we can eat the sorts of food that will keep 
us healthy even in war-time conditions, and by keeping 
healthy we shall do better war work ; and at the same 
time we shall not waste any of our food and so we shall 
save shipping needed for our armies now engaged in the 
final battles. 

But it is on the job that we can make most use of science. 
To find a quicker way of doing a job, or a way of cutting 
out a process—that is science. That is what the Stakhano- 
vites do in the Soviet Union. It is true that the Soviet 
people have a better chance than w'e have to do these 
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things, because they have been helped to learn much 
more science. But we shall have to make the best use of the 
knowledge we have got. Usually there is a scientist some¬ 
where in the factory, and if any worker has a problem 
about how to do his job best, or an idea about how pro¬ 
duction could be improved, he should be able to get the 
scientists to help him. Workers and scientists are both 
all out to defeat Fascism, but they will only get the best 
results if they pull together. 


XI. SCIENCE IN RECONSTRUCTION. 

While the greatest efforts of scientists, as of all other 
workers, must be turned towards the war- until the Nazis 
are finally and fully defeated, nevertheless it is necessary 
to look ahead to the post-war years. The tasks of recon¬ 
struction after the war will need as much effort from all 
of us as does the task of winning the war. Industry has 
to be changed from a war-time to a peace-time basis— 
as complicated a business as the changes that w6re necessary 
to make it fit to satisfy our war needs. And industry 
after the war must be run for the benefit of the people as 
a whole, not for the profit of a small group of monopolists. 
Unemployment must be abolished. The general standard 
of living must rise. There must be no more of the semi¬ 
starvation that we noted at the beginning of Chapter VI. 
There is a tremendous housing shortage to cope >vith. 
Health services must be improved ; the plan sketched in 
the Government White Paper on a National Health 
Service lays the basis for that. 

All these things depend primarily on political decisions. 
But the political decisions, though they come first, are 
not by themselves enough—any more than a political 
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decision to win the war would have succeeded in winning 
it without the tremendous effort of the whole British 
people and without the technical superiority which our use 
ot science gives us. In the same way decisions meant to 
raise the standard of living after the war will depend on 
the effectiveness with which we raise the productivity of 
industry and agriculture. And that in turn depends, 
among other things, on the work of our scientists. 


In every one of the tasks mentioned above science has an 
important part to play. Science can tell how this or that 
war factory can be altered to provide some vital peace¬ 
time need. Much of our unemployment in the past was 
due to industries working with an out-of-date technique, 
so that more go-ahead competitors captured our markets. 
Science can show how to modernise them. Political 
decisions that everybody is to have the necessities of life 
are meaningless unless our industry and our agriculture 
can produce enough to go round. That means a very 
considerable increase over our pre-war production, and 
science by improving our methods can give that increase. 
Nutritional science, if properly applied, can show how 
much food and what sort of food is needed for a healthy 
population ; and agricultural science can raise the pro¬ 
ductivity of our agriculture to satisfy this need. The 
housing shortage can only be met rapidly if the old methods 
of building are supplemented by every possible new method 
—pre-fabrication and the use of many new materials. 
Science can develop these new methods. Our health can 
be improved by a re-organisation of the medical profession 
to make the best services available free to all, but that 
alone is not sufficient. We need a tremendous increase 
in medical knowledge, which only a greatly increased 
research effort can give. A team of ten or twenty people 
could in a few years produce a method of immunisation 
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which would wipe out measles as effectively as smallpox 
was wiped out in the past. Would that not be worthwhile ? 

Let us see in broad outline what is required of science 
in the immediate post-war years. Firstly, it is clear that 
the amount of scientific research must be enormously 
increased. Before the war we spent a pitiable figure on 
science—somewhere about £7 million a year, or one-tenth 
of one per cent, of our national income. That compares 
with one per cent, in the U.S.S.R. and about three-fifths 
of one per cent, in U.S.A. To spend little on science is 
false economy. In the abstract it is hardly possible to 
spend too much on science, for, provided it is directed to 
proper ends, science gives such enormous returns. Six or 
seven million pounds a year is only between two and three 
per cent, of our agricultural production. Yet if that 
amount were spent each year on agricultural science, 
partly on research but mostly on advisory services which 
would bring the latest scientific results to the farmer, our 
annual agricultural production would be increased by £100 
million (i.e., by about fifty per cent.). That would mean 
about fifty shillings’ worth of extra food per year for every 
man, woman and child in the country. 

In the abstract then, the more we spend on science, the 
more we shall get in return in the good things of life. In 
practice, however, there are limitations. It is not possible 
to extend the scale of our science in practice at more than 
a certain speed. Scientists have to be trained, laboratories 
have to be built and equipment produced, and all these 
things take time. So we must be content at first with more 
modest demands that can be fulfilled within the next few 
years. Let us therefore examine a little more closely what 
we require science to do, so that we can work out a figure 
representing the minimum requirements necessary to solve 
the problems of the next few years. 

52 



SCIENCE IN RECONSTRUCTION 


We shall require not only an increase in the amount of 
science done, but also a new balance which will ensure 
that the greatest effort will go where it is most needed. 
That was very far from being the case in the past. For 
example out ot about £3 million per year spent on industrial 
research before the war, about one-third was spent on the 
electrical industry—leaving only £2 million for all our 
other industries. Now the electrical industry is un¬ 
doubtedly important and we should be much worse off 
without its products from radio sets and vacuum cleaners 
to electric power plants and electric railways. Never¬ 
theless some ot our other industries are much more impor¬ 
tant. Coal is Britain's chief raw material. It is the main 
basis on which prosperity can be built. And to ensure 
that prosperity a very great amount of research is required, 
both on methods of mining coal and methods of using it 
economically—as a fuel and as the chemical basis of many 
products from plastics to chemical manures. Iron and 
steel are only second in importance to coal. Yet these 
two basic industries, vital to the welfare of the people of 
Britain, spend a very much smaller amount on research 
than did the electrical industry. The result is that they 
are technically backward. Until the coal and steel 
industries devote enough money to research to bring them 
up to the best technical level that can be achieved, the 
whole basis of Britain's prosperity will be shaky. 


That then, is one of the first things we require—a 
concentration of scientific research and the most rapid 
possible application of its results in those industries which, 
like coal and steel, are technically backward. A welcome 
s£art has been made by the British Coal Utilisation Research 
Association, a co-operative research organisation run by 
the coal owners and coal-using manufacturers, which has 
decided to spend £200,000 a year for five years on research 
on the better use of coaf. Similarly the British Iron & 
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Steel Federation are to spend £250,000 a year on research. 
But even these. are miserable figures compared with the 
£1 million per year spent on research by the electrical 
industry. To give a prosperous Britain they must be 
greatly improved upon. 

Even within each industry there has been a lack of 
balance in the research done. Far too much of it is 
devoted to the invention of comparatively trivial improve¬ 
ments which yield an immediate profit to the undertaking 
concerned. Far too much is devoted to short term work 
aimed at patenting a process before some competitor 
succeeds in developing it. An even greater waste often 
occurs, when a firm that has developed a new invention, 
say a new drug, proceeds to investigate all similar drugs 
which might have the same useful properties in order to 
make it difficult for any competitor to put a similar article 
on the market. And, as a result of all this, only a tiny 
proportion of the scientific.research in any industry is 
devoted to long term problems whose solution would 
make revolutionary improvements in the productivity of 
the industry, but only after several years of work. The 
fact is that, while industry is run for private profit, it 
naturally concentrates on research that will yield quick 
profits and neglects research that will not yield profits for 
years. From the point of view of the people of Britain 
it is necessary that this long term research shall be vigorously 
pursued—and if research carried out by “.private enter¬ 
prise ” cannot do it, then some other method must be 

found. 

In the same way the application of science to agriculture 
has been woefully neglected. Here the problem is not s.o 
much that of research to gain more scientific knowledge, 
but of helping all farmers to make the best use of existing 
knowledge. We require a very great expansion of advisoo' 
services which will bring the latest scientific results to the 
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farmer and show him how to apply them to his own 
problems. Our pre-war advisory services cost £600,000 
a year ; we ought to spend ten times that amount, and 
the cost will be amply repaid as already seen. At the same 
time some increase in expenditure on agricultural research 
is necessary and the increased advisory services are sure 
to throw up new problems for the research workers to 
solve—particularly in soil science, that is, the science 
which deals with the composition of the soil in relation 
to the crops that are to be grown and the way in which 
it can be artificially altered. We spent £200,000 a year 
before the war on agricultural research ; we ought to 
aim at £600,000. 

Then there is the question of medical research. A 
national health service will mean a tremendous improve¬ 
ment in the health of our people, even if it only applies 
existing knowledge. At the same time, as any progressive 
doctor will admit, our existing knowledge is very scanty 
indeed ; medicine still has to work very much on the 
lines of “ This cure worked last time, so try it again,” or 
“ Try cure A and if that doesn’t work, try B and then C.” 
We need concentrated research, done by organised teams, 
on certain diseases like rheumatism, tuberculosis, the 
common cold and influenza, which cause widespread 
loss of health (and correspondingly loss of working time, 
which means less goods produced and so a lower standard 
of living). Many of the infectious diseases could probably 
be wiped off the map, if a strong scientific attack were 
made on them ; this particularly applies to the children’s 
fevers like scarlet fever, mumps, measles and whooping 
cough. And again, our medicine is too much at the stage 
of curing diseases, rather than investigating and abolishing 
the conditions that produce them. We need much more 
research on the effects on health of conditions in the home 
and in the factory, the effects of noise, poor ventilation, 
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damp or dark houses, smoke in the atmosphere and so on. 
And having found out how all these things affect health 
we shall have to take social action to have the causes 
abolished. We should aim at expanding our medical 
research budget from the pre-war £2 million to something 
like £4 million. 

And finally there is one tremendous branch of research 
which has been wholly neglected in this country—consumer 
research. Consumer research is just what its name says : 
research into the needs of the consumer and how they 
can be satisfied. The scientist goes into the kitchen, 
examines the jobs the housewife has to do there, and 
discovers what sort of equipment is best suited to help 
with those jobs—what sort of cooker and refrigerator 
are required, what cupboard space and shelf room is 
needed to take the kitchen stores, how should the cooker, 
sink, refrigerator, shelves, cupboards, plate racks, draining 
boards, etc., be arranged so as to reduce to a minimum 
the walking about that the housewife has to do in the 
course of her work. Or he investigates how rooms should 
be arranged so as to be easily cleaned. Or he works out 
standards of quality to which retail foodstuffs should 
conform and arrangements for distributions to avoid 
deterioration. It must be quite obvious how this sort of 
application of science could increase the convenience and 
happiness of life. 

In the U.S.A. quite a lot of consumer research has been 
done, mostly by voluntary organisations of consumers,.a 
sort of organisation for users, parallel to trade unionism 
and indeed the trade unions have taken a big part in this 
movement. Their published results make it clear when 
the quality of any goods on the market is below the standard 
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which the consumer ought to demand. And that in turn 
pro\ ides the basis tor mass movements compelling the 
Producers to improve the quality of their goods. In the 
U.S.S.R., ot course, since the people own the means of 
production, there is no distinction between the interests 
of the consumer and the interests of the producer. Pro¬ 
duction is done solely in the interests of the consumer, 

and so all industrial research there includes consumer 
research as a part. 

But in this country practically nothing has been done on 
these lines. Of course, any manufacturer is bound to take 
some notice of consumer needs in order to be able to sell 
his goods, but there is a very great difference between goods 
that are easiest to sell competitively with the help of an 
advertising campaign'and goods which really satisfy the 
needs of the user ; so that in point of fact very little of our 
scientific effort goes into finding out consumers' needs 
and how they can be satisfied. We have got to change that 
in the post-war years. We have, of course, one very 
important organisation in which the interests of the pro¬ 
ducer and consumer are the same — namely, the Co-operative 
Movement. The Co-operatives have recently made a 
welcome start on this sort of research, and it is to be hoped 
that they will do much more. But the Co-operatives 
represent only a part of our industry, and it seems that in 
general, consumer research ought to be a State responsibility. 
We ought to spend at least half a million pounds on this 
work in the immediate post-war years. And we shall then 
need legislation to make sure that the results of that research 
are properly applied. For example, once science has 
established proper standards for goods on sale—food, 
clothing, housing, radio sets, vacuum cleaners, tobacco and 


57 



SCIENCE AND PROGRESS 


so on—there must be legislation forcing all who produce 
or sell these goods to conform to the standards. And when 
standards for kitchen equipment have been fixed, the law 
must insist on them for all new houses. 

We have talked mostly about the sorts of research that 
have direct practical application to the problems of our 
reconstruction and of producing a great improvement of 
our standard of living. But we must not forget that 
behind all this there must be a very great effort devoted 
to what is usually called “ pure ” research, but is better 
termed “ fundamental ” research. This is the sort of 
scientific work that is concerned with various general 
investigations, ranging from atom smashing to the chemical 
behaviour of the human body. It is usually carried on 
without any particular application in view. Its function 
is to increase our general knowledge of the behaviour of 
everything in the world and so to enlarge the fund of 
knowledge on which we can draw when we have a par¬ 
ticular practical problem to solve. At any moment its 
results may be useful, but it is usually impossible to forecast 
when and how. That, however, must not prevent us from 
seeing that this work has a very real value ; that, in fact, 
without it the stream of knowledge which applied research 
turns to practical purposes would soon dry up. We must, 
therefore, see to it that fundamental research is also greatly 
expanded in the near future. 

It is very difficult to estimate how much fundamental 
research was actually done in pre-war years. The reason 
is that most of the men who work at it do so as a part-time 
job along with university teaching and it is impossible to 
say accurately how much of their time is spent on research, 
or what proportion of the money spent by universities is 
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devoted to research. In addition there are grants which 
enable students who have taken their degrees to do a few 
years' research in a university laboratory before they take 
up permanent jobs (usually in industry), and there are a 
very few full-time appointments in fundamental research, 
usually under various scientific bodies like the Royal 
Society. Again, in industrial laboratories, government 
laboratories and so on, whose work is mainly concerned 
with applications, a certain amount of fundamental 
research is done incidentally. However, we can, for 
convenience, reasonably regard this last as an offshoot of 
applied research, and if we do so it seems that our yearly 
pre-war expenditure on fundamental research was at the 
most £1^ million, and may have been as low as half that 
figure. Only a part of this comes from the government 
grant to the universities and it is unfortunately true that 
in order to be able to carry on this valuable work the heads 
of scientific departments have often to spend a great deal 
of their time in currying favour with millionaires in order 
to beg for money, instead of getting on with their real 
job. This waste can only be stopped by a considerable 
increase in the funds provided for university and other 
fundamental research by the State. Although an expansion 
in this type of work is less urgent, from the point of view 
of reconstruction in the immediate post-war years, than 
some of the applied types, nevertheless we ought to press 
for an increase in yearly expenditure on fundamental 
research to something like £2 i million within, say, ten 
years. 

What will be the cost of all this expansion ? It is difficult 
for an individual, or even an unofficial organisation, to 
make an accurate estimate, because the necessary statistics 
are not usually made public in this country. But the 
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figures which we have already mentioned, and which are 
summarised below, will not be far wrong :— 

Annual Expenditures* (£ millions). 



Pre-War 

Post-War 

Industrial research! 

3 

require¬ 

ments. 

10 

Agricultural advisory services 

0.6 

6 

Agricultural research 

0.2 

0.6 

A 

Medical research 

2 

4 

Consumer research 

negligible 

0.5 

Fundamental research (universities, 
etc.)J 

1.2 

2.5 

Total 

7 

23.6 


Can we afford to spend this £23^ million for scientific 
research ? The real answer is that we can’t afford not to 
spend them. If we don’t, then good-bye to all our plans for 
a better post-war world. But just to make it clear that it is 
quite a small sum, let us translate it into other terms. 
First of all it is only one-half per cent, of our national 
income. U.S.A. spends on science a rather larger pro¬ 
portion than that and U.S.S.R. about twice as high a pro¬ 
portion ; so we ought to be able to afford this as a first 
step—and to aim at higher things later. Again it is less 
than the cost of two days of the war. Or, put in another 
way, it is about ten shillings per year for every person in 
the country. That is not a very large sum to pay for all 
the benefits that a vigorous progressive policy in science 
can bring us—especially when we remember that our 

*In addition the expansion would require a capital expenditure 
of £10-£20 million spread over five to ten years. 

tOf the additional £7 million required for industrial research, 
private firms may be expected to provide about £3 million, judging 
by their present attitude. The rest must come from the Mate. 

^Taking a mean figure for pre-war expenditure. 
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present expenditure on the war would, if it were turned over 
for the use ot the people give each one of us goods to the 
value of an extra £120 a year. 

But, it is not just a matter of getting more research done. 
The question of who controls the research and its applica¬ 
tion is vital. If the control remains largely in the hands of 
industrial monopolies, then we may expect a return to the 
policy of restricting science that we saw in Chapter VI ; 
sectional interests will prevent its full application for pro¬ 
moting the prosperity and happiness of the people. If our 
iron and steel industry failed to do an adequate amount of 
research before the war, and thus fell into the state of 
technical backwardness which lost us our world position 
and resulted in mass unemployment, that was because 
private monopolies controlled research. We shall only get 
an improvement if the State undertakes a programme of 
research which will put this, and other, industries on their 
feet again. In the same way, private industry will not 
undertake the more long-term type of research, as we saw 
earlier in this chapter, so that the State must again perform 
this task. 

So it is clear that we need in the future a much greater 
State control of science. That, of course, must not mean a 
deadening bureaucratic control, a system of dictation 
which takes away from the scientist all opportunity for 
initiative. It can be and must be a flexible control, which 
will prevent misuse of science by any sectional group and 
yet leave the scientist enough freedom to pursue new and 
valuable ideas when they occur. Russia has shown us 
that this is possible. 

Some industries, especially the basic industries such as 
coal, power, iron and steel and transport, are so vital to 
our national wellbeing that we cannot afford to leave them 
in the hands of private owners. There is a strong case for 
the nationalisation of these industries after the war (as well 
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as the banks, whose financial power can retard progress in 
any field). Where this nationalisation is achieved, the 
problem of control of science in order to ensure its use for 
the people, will be largely solved. The struggle against 
sectional interests will have been won and only the simpler 
problem of organising the work will remain. But many 
industries will remain in private hands for some years to 
come. The people will have to insist on a more thorough 
public control of the working of these industries, by exten¬ 
sion and improvement of the system of controls that has 
worked during the war. As a part of this control, the 
control of scientific research and the use of its results in each 
industry will be vital. 

We must also remember that the power of the monopolies 
is based, not only on their financial strength, their ability 
to control markets and raw materials, but also on their 
control of scientific and technical progress, their ability 
to invent and patent processes in order to prevent their 
competitors from using them, and their ability to prevent 
the application of scientific results when it is in their own 
interests to do so. That monopoly power can only be 
curbed if the control of scientific research and its application 
is largely taken out of private hands and transferred to the 
government. 

So the first thing required is that the greater part of the 
increased finance shall come from the government and that 
having provided the money the government, and through 
it, the people, shall decide in broad outline what sort of 
research is to be done. The increase in government expen¬ 
diture on science will therefore be over £10 million. If that 
sum of money is spent in financing work in the directions 
most needed by the people, a big step will have been taken 
towards breaking sectional control of science. 

During the war the research sections of various govern¬ 
ment departments have been greatly extended. After the 
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War those laboratories will be available for other work and 
a great part of the additional research should be carried 
out in government laboratories, thus removing it very 
effectively from the control of sectional interests: But in 
addition to this it will almost certainly be necessary for a 
considerable part ot the additional funds to be used for 
financing research carried out by non-government bodies. 
Broadly speaking there are three other types of institutions 
hat carry out research. First, universities and certain 
other bodies which are independent of both government 
and industry (though financially connected with both). 
Second, the industrial Research Associations which arc 
jointly financed by a number of firms in each industry 
together with a government grant. And third, the private 
laboratories of the individual industrial concerns themselves 
We have already indicated that a large increase in govern¬ 
ment finance for university research is required. Similarly 
there is no objection to quite a considerable proportion of 
the government funds for industrial research being given to 
the Research Associations for the expansion of their work, 
provided that the government insists on a share in the control 
oj the work done in proportion to finance. By that means 
we can ensure that the work of the Research Associations 
is used to make industry more able to serve the people as 
a whole, not ‘merely the industrialists concerned. The 
British Coal Utilisation Research Association, which wc 
have already mentioned, has taken a step that should be 
followed by other Research Associations. It now has 
two representatives of the Miners’ Federation of Great 
Britain on its governing body. This is the first time that a 
Trade Union in this country has had a direct say in the 
control of research affecting its industry. Other trade 
unions would do well to consider pressing for representation 
on the Research Associations in their own industries. 
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Lastly, research in the laboratories of private industrial 
firms is usually concerned more with the individual com¬ 
petitive problems of each firm than with the improvement 
of the industry as a whole. Of course, no government 
finance should be devoted to this end. But it may occa¬ 
sionally happen that a private firm has laboratories and 
equipment that are particularly suited to the carrying out 
of some work which will be of general interest. In that 
case there can be no objection to a government grant to the 
firm for this special purpose, provided that the work is 
suitably controlled to make sure that it is not used for the 
sectional interests of the firm and provided that the results 
are made available to all. 

If the government is to take such a large share in 
financing and controlling scientific research it is clear that 
some single body responsible to the government must be 
charged with making the necessary decisions and having 
them carried out. This body might well be a Committee 
responsible to the Lord President of the Council and con¬ 
sisting of representatives of the Department of Scientific 
and Industrial Research, the Medical Research Council 
-and the Agricultural Research Council (three government 
bodies which control a large part of our peace-time govern¬ 
ment research and which might be expanded to meet many 
needs of the future), together with working scientists, 
representatives of universities, of industry, and of the 
consumers and the T.U.C. This body would decide the 
broad lines of scientific work to be done and in what 
laboratories it is to be done. It would dispense the funds 
that we are proposing the government should devote to 
. research, and through these funds it would have the power 
to control the general lines of work done. 

But we need not consider in detail here the machinery by 
which a planned use of science for the community should 
be carried out. Before we reach that stage we have to 
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establish the principle that scientific research shall be 
greatly expanded and shall be used for the benefit of the 
people as a whole. This will not be easy, but it can and 
must be done. But let us be clear from the start, it must 
not be left to the scientists. The vast majority of scientists 
want to see their work used for the general good. But 
alone they are powerless to achieve this. The driver of a 
train cannot re-arrange his time-table no matter how much 
better it would suit the travellers ; the scientist has no more 
control than that over the uses to which his work is put. 
But the travellers as a whole could force the railway 
management to make the necessary changes. And similarly 
the people as a whole have the power, if th^y use it, to see 
that science is directed in their own interests. That power 
can be expressed through every channel of democratic life, 
from the Parliamentary vote to the decisions of a Trade 
Union branch meeting. 

But it is not enough to have the power. Knowledge is 
also necessary—knowledge of what science can do, and 
what conditions are necessary for its potentialities to be 
fulfilled. That which we do not understand, we cannot 
control ; and if the people leave the knowledge and under¬ 
standing of science in the hands of a few, then some out of 
those few will always be in a position to pervert science for 
their own gain. This book may have helped to provide a 
little of the necessary knowledge for those who, because of 
serious deficiencies in our educational system, have hitherto 
been prevented from attaining it. But much more than 
what is contained in these few pages is necessary. The 
scientists themselves can help all those who arc interested 
to obtain the requisite knowledge. In magazines like 
Discovery they deal with problems of science and its 
applications in terms which the layman can easily under¬ 
stand. The Association of Scientific Workers has ex¬ 
pressed itself ready to provide speakers on science and its 
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relation to the people’s needs for any organisation that 
cares to ask for them. 

The responsibility lies equally with scientists and with 
the whole people. The scientists must grasp every oppor¬ 
tunity to show the rest of the people the part that science 
can play in their lives and what must be done about it. 
But when that explanation is done, it is only the people 
as a whole, expressing themselves through all their demo¬ 
cratic organisations and especially the very powerful 
organisations of the Labour Movement, who can ensure 
that the necessary legislative action is taken. 


And so we come to the end of our search. We have 
only been able to look at a few of the connections between 
science and society, but these things at least we have found 
out. Firstly, that science plays a very big part in deciding 
whether we shall live happily or not. Secondly, that 
science can be used either for good or for evil and that it 
is the social system under which we live that decides which. 
Under Socialism science works for the good of everyone. 
Under democratic capitalism some good comes from 
science, but not as much as might be. Under Fascism 
science works only for evil. And so our third conclusion 
is that if science is to be used for good purposes in the 
future, the first step is to smash Fascism. In that, science 
is a very important weapon. The workers and scientists 
must stand shoulder to shoulder to make sure that science 
is used in every possible way to help the war effort. The 
same applies to the use of science after the war. We can 
see how science can be very much better used for the benefit 
of the people after the war, but we know that this will 
only come about by united movement of the whole people 
making clear their demands that science in future shall be 
so used. And lastly, science is not just the concern of the 
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scientists. All of us can make use of it in our daily lives 
and on our jobs ; and in doing so we are helping in yet 
another way towards an early victory and a glorious future. 


FOR FURTHER READING. 


This book can only serve as an introduction, and many readers 
will want to pursue the subject further. Even if the ultimate aim 
is to understand the relations between science and social progress. 


so as to play a part in directing science for the good of humanity, 
it is still necessary to begin by getting an all-round knowledge of 
the content of science itself. For this purpose there is nothing 
better than Professor Lancelot Hogben's Science for the Citizen 
(Allen and Unwin), a book which teaches a wide range of science 
and at the same time relates it to social problems. It is an expensive 
book, but any good public library will have a copy. If the reader 
wishes to learn still more about any subject, he can find many 
useful books on the shelves of his local library. These will be 
classified by subjects, so that a few minutes' search will reveal all 
the books available on each particular subject. There are also 
several series of cheap but good books on scientific subjects lor 
example, Pelican Books, the Home University Library (Butter- 
worth), the Thinker's Library (Watts) and the New' People's Library 
(Gollancz). There is not room to list these completely here, but 
the following selection will give some idea of the scope covered : 

Metals in the Service of Man, by William Alexander and Arthur 


Street. 

Geology in the Service of Man, by W. G. Fearnside and O. M. B. 
Bullman. 


Plastics , by W. E. Yarsley and E. G. Couzens. 

Explosives, by John Read. 

Mathematician's Delight, by W. W. Sawyer. 

Science in Everyday Life, by J. B. S. Haldane. 

Man, Microbe and Malady , by John Drew. 

Beyond the Microscope , by Kenneth M. Smith. 

(All the above are Pelican Books). 

The Chemistry of Life, by J. S. D. Bacon (Thinkers Library). 
Biology, by J. A. Thompson and P. Geddcs (Home University 
Library). 

Health and Disease, by Sir Leslie Mackenzie (Home University 


Library). „ ... /XI 

An Interpretation of Biology, by Henry Collier (New 

Library). „ 

And, last but far from least, the other books in the 
Science ” series, of which the present volume is a part. 


People's 
Story of 
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A useful and cheap reference book to have handy as an aid to 
any reading on science is A Dictionary of Science , by E. B. Ubarov 
(Penguin Special). 

Besides discussing the content of a particular branch of science, 
many of these books deal also with its application to practical 
problems and thus help us to understand the relations of science 
to social progress. But the reader who is interested in this aspect 
will do well to read some of the books that have been specially 
written on it. Since we build the future on the experience of the 
past, a lot can be learned from the history of science considered 
in relation to society. 

J. G. Crowther has written several excellent books on this subject : 
The Social Relations of Science (Macmillan), British Scientists of 
the Nineteenth Century (Pelican, two volumes), Famous American 
Men of Science (Pelican, two volumes), and Science and Life (New 
People's Library), which last also deals with some of the present-day 
social problems connected with science. Another important book 
is What Happened in History , by V. Gordon Childe (Pelican), which 
deals with earlier times when craftsmen’s inventions took the place 
now occupied by science and which also tells of the first glimmerings 
of science before the period which the present book deals with. 

For a study of the problems facing science in the immediate 
pre-war years, most of which apply also to post-war reconstruction, 
there is nothing to beat The Social Function of Science , by J. D. 
Bernal- but the reader must be warned that it is difficult reading. 
Modern problems are also dealt with in a series of pamphlets 
published by the Association of Scientific Workers. 

For a more detailed description of Soviet science there are avail¬ 
able such works as Science and Technology in the Soviet Union, a 
collection of articles published by Science Services, Ltd., for Marx 
House, and Science in the Soviet Union, another collection edited 
by Joseph Needham and Jane Sykes Davies (Watts). 

The Association of Scientific Workers’ pamphlet. Planning of 
Science , is a report of a conference held by that body in January 
1943. It deals mostly with the problems of the full application of 
science in the war, but ends with some discussion of science in the 
post-war world a topic on which more A. Sc. W. publications are 
to appear shortly. 

Finally, the reader can keep abreast of scientific developments 
by reading such periodicals as Nature (though this will be too 
technical for most), Discovery (containing popularly written but 
scientifically sound articles on all branches of science), and The 
Scientific American (also a good magazine, but inclined to roman¬ 
ticize science). The American magazine, Science and Society, 
difficult to obtain here during the war, deals with the subject indi¬ 
cated in its title (and in fact with a much wider range) from a frankly 

Marxist point of view. . , , . , 

The author will always be glad to give any help he can to readers 

who want guidance on further reading. 
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